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$\nabla\cdot\tau+RaTe_{r}=0$ , (1)
$\tau=-pE+2\eta\dot{e}$ , (2)
$\dot{e}=.\frac{1}{2}(\nabla u+^{t}\nabla u)$ , (3)
$\nabla\cdot u=0$ , (4)
$\frac{\partial T}{\partial t}+\nabla\cdot(u\mathrm{T}-\nabla\tau)=\frac{Ra_{H}}{Ra_{l}}$ (5)
. $e_{r}$ $r$ ,E ,\tau ,e
$Ra_{l}$ ,RaH
.
$Ra_{l}= \frac{\rho g\alpha\Delta T(ro-ri)^{\mathrm{s}}}{\kappa\eta_{l}}$ (6)
$Ra_{H} \frac{\rho H(r_{O^{-}}r_{i})^{2}}{k\Delta T}Ra\tau$ (7)
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.$\eta=\eta_{l}\exp[-E(\tau-T\iota)]$ (8)
. $l$ .l $=s$ \sim $=b$
. $E$




$u=(u_{r’\theta}u)=( \frac{1}{r}\frac{\partial\psi}{\partial\theta},$ $- \frac{\partial\psi}{\partial r})$ (10)
.
$( \frac{1}{r^{2}}\frac{\partial^{2}}{\partial\theta^{2}}-\frac{\partial^{2}}{\partial r^{2}}-\frac{3}{r}\frac{\partial}{\partial r})[\eta(\frac{1}{r^{2}}\frac{\partial^{2}\psi}{\partial\theta^{2}}-r\frac{\partial}{\partial r}(\frac{1}{r}\frac{\partial\psi}{\partial r}))]$
$+$ $( \frac{1}{r}\frac{\partial^{2}}{\partial r\partial\theta}+\frac{1}{r^{2}}\frac{\partial}{\partial\theta})[4\eta(\frac{1}{r}\frac{\partial^{2}}{\partial r\partial\theta}-\frac{1}{r^{2}}\frac{\partial}{\partial\theta})\psi]$
$=$ $Ra_{l^{\frac{1}{r}\frac{\partial T}{\partial\theta}}}$ (11)
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$H$ heat generation rate $\mathrm{W}\mathrm{k}\mathrm{g}^{-1}$
$Nu$ Nusselt number none
$P$ pressure Pa
$r$ radius $\mathrm{m}$
$r_{o}$ Radius of outer boundary $\mathrm{m}$
$r_{i}$ Radius of inner boundary $\mathrm{m}$
$Ra$ Rayleigh number none




$\alpha$ thermal expansion $\mathrm{K}^{-1}$
$\psi$ stream function $\mathrm{m}^{2}\mathrm{s}^{-1}$
$\eta$ viscosity Pa $\mathrm{s}$
$\kappa$ thermal diffusivity $\mathrm{m}^{2}\mathrm{s}^{-1}$






B6 $10^{3}$ 9.5 20
B7 $10^{4}$ 9.5 20
B8 $10^{5}$ 9.5 20
B9 $10^{4}$ 20 20
B10 $10^{3}$ 20 20
Bll $10^{2}$ 20 20
B12 $10^{5}$ 20 20
HI $3\cross 10^{7}$ $10^{3}$ 5
H2 3 $\mathrm{x}1\mathit{0}^{7}$ $10^{3}$ 10
H3 $3\cross 10^{7}$ $10^{3}$ 20
H4 $3\cross 10^{7}$ $1\mathit{0}^{3}$ 30
H5 $3\cross 10^{7}$ $10^{5}$ 10
H6 $3\cross 1\mathit{0}^{7}$ $10^{5}$ 20
H7 $6\cross 10^{6}$ $10^{2}$ 10
H8 $6\cross 10^{6}$ $1\mathit{0}^{2}$ 20
H9 $6\cross 1\mathit{0}^{6}$ $10^{4}$ 10
HIO 6 $\mathrm{x}10^{6}$ $10^{4}$ 20
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${\rm Re}_{9^{\dot{|}\mathrm{m}}}\mathrm{e}\mathrm{d}\mathrm{i}\mathrm{a}9^{\mathrm{r}\mathrm{a}}\mathrm{m}\mathrm{t}\mathrm{i}\Pi\iota \mathrm{e}\Gamma \mathrm{n}\mathrm{a}\mathrm{I}$ heating)
I0 ,0 $\mathrm{P}\mathrm{I}\mathrm{a}_{\Leftrightarrow}$
1: . ,
. no-lid:no-Lid regime, cond.















3: $.(\mathrm{a}):Ra_{s}=10^{5}$ . $(\mathrm{b}):Ra_{S}=10^{4}.(\mathrm{c}):RaS=$
$10^{3}.(\mathrm{d}):Ra_{S}=1\mathit{0}^{2}$ . , .
, $(\mathrm{c}),(\mathrm{d})$
.





. $\mathrm{W}\mathrm{L}$ : Whole Layer regime, SLL :Sluggish Lid regime, STL :Stagnant Lid regime .
, 2
. Whole Layer regime Sluggish Lid regime , Sluggish
Lid regime Stagnant Lid regime . Whole Layer regime,





5: . $Ra_{b}=3\cross 10^{7},$ $\triangle\eta=103$
. $Ra_{H}/Ra_{b}=5$ 1 . $Ra_{H}/Ra_{b}=10,20$ 2
. , . ,
. 2 .
$\mathrm{R}\mathrm{a}_{\mathrm{b}}--3\mathrm{X}\mathrm{l}0^{7},\Delta\eta-\tau-0^{5}$
$\mathrm{R}\mathrm{a}./\mathrm{R}\mathrm{a}$ . $–\ln$ $\mathrm{R}\mathrm{a}..J\mathrm{R}\hslash$. $–,\mathrm{n}$
$\mathrm{T}$
6: . $Ra_{b}=3\cross 1\mathit{0}^{7},$ $\triangle\eta=1\mathit{0}^{5}$
. $Ra_{H}/Ra_{b}$ .
, . 5 .
1 .
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${\rm Re} \mathfrak{g}\mathrm{i}\mathrm{m}\mathrm{e}$ diagram
7: . Sluggish Lid regime,








Snap shot of case B7
. – A $\mathrm{A}*1$ A4A
– . . . $-\neg$ L . – —,–





10: Sluggish Lid regime
. . . 2
.
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